Bio-gas has been one of the sources of renewable energy and has been used from long time. It is produced by the anaerobic digestion or decomposition of organic compounds and has different process. The digestion process is carried out by bacteria present in the waste and it is highly dependent on the bacteria which work differently on different temperatures. The rate of anaerobic digestion is highest at thermophilic temperature (55 o C). Similarly, it is moderate at mesophilic temperature (35 o C) and is lowest at psychrophilic (below 20 o C). Thus, to attain the highest digestion rate a thermophilic heating system has been developed. The heating system uses five heat exchangers to heat the influent at digester which is of 35m 3 volume, to maintain temperature at 56 o C. The volume of bio-gas production from this system which uses cow dung as digesting material is about 28 m 3 per day.
__________________________________________________________________________________

Background
Different sources of energy are used in our daily life including both renewable and non-renewable sources. Biogas is one of the renewable sources of energy in which organic wastages are converted into gas using anaerobic digestion or fermentation or decomposition of organic wastages(Alternate Energy Promotion Center, 2017). Biogas is among one of the good techniques for the management of organic wastages and energy recovery (Alternate Energy Promotion Center, 2017).
Bio gas has different advantages. It can be used for cooking, lighting and heating purposes along with the utilization of waste cow dung. It has good environmental benefits as methane produced by waste cow has been regarded as the source of greenhouse gases. Thus, reduces greenhouse gas production. Similarly, Bio gas has been beneficial from the socio economic perspective. Bio gas reduces the fuel consumption and saves the overall cost of fuel creating a societal impact on uplifting the life standard of people and reducing the foreign fuel dependency.
Nepal has geographical variations. It consists of three different geographical regions that are mountains, hills and plain land (Basnet, 1989-92) . The variation in the geography or altitude is the cause of temperature variations in these reasons. The plain reason is almost hotter than other regions (Basnet, 1989-92) . Similarly, the hilly region has moderate temperatures and the mountains are the coldest due to high altitude (Basnet, 1989-92) .
For the anaerobic digestion, temperature is one of the important parameter that needs to be considered. As of the biogas yield, three different temperatures ranges have been defined which are psychrophilic (below 20 0 C), mesophilic (20 0 C-45 0 C) and thermophilic (45 0 C-60 0 C)(B., et al., 2014). Biogas production rate increases with the increase in temperature and hydraulic retention time decreases with the increase in temperature(B., et al., 2014). Bio-gas yield stops below 10 0 C and gas yield is maximum at 35 0 C on the mesophilic condition (B., et al., 2014) . Similarly, gas yield will be maximum at 55 0 C on the thermophilic condition (B., et al., 2014). The major challenge for the gas yield is to maintain the constant temperature condition (B., et al., 2014) . To obtain a maximum yield of bio gas at thermophilic temperature, heat exchanging systemhas to be designed to heat the manure & loss of heat from the wall of digester has to be prevented.
Methodology
Before starting the design of the bio gas digester heating system, a proper methodology has been developed. Different literatures have been studied throughout the research period for references of different equations, data and methods used. The literatures include bio gas digestion process, its calculations, heating methods, insulation design & calculation, heat exchangers, heat transfer etc. The standard plant volume of bio gas plant of 35 m 3 has been selected which uses cow dung as digesting material. The methodology for the computation of total production of bio gas from the bio gas plant has been developed using different references.
The thermophilic digestion is very sensitive to temperature. So, influent manure can!t be directly mixed. Thus, preheating procedure using a shell and tube heat exchanger has been developed. Similarly, to prevent heat loss from the digester, an insulating system has been used. The heat conduction equation has been used to calculate heat loss. An insulating material of calculated thickness has been used to prevent heat loss in significant amount.
The important part of this research is to design the heating system to heat large mass of influent and work within small temperature difference i.e. 52 o C-58 o C. Heating of influent in the inlet and digester, have been carried out using heat exchangers to heat the influent manure up to the operating temperature. The standard methodology for the design of shell and tube exchangers has been followed. The heat exchange has been carried out using the concurrent flow of heat transfer. The convective heat transfer coefficients of fluids have been calculated using convection heat transfer equation for different Reynolds number.
Result& Discussion
The operating temperature for the digester is the thermophilic temperature (55 o C) and standard digester of plant volume 35 m 3 has been selected. The results from the previous study demonstrate that, a stable digester operation at thermophilic conditions is well possible on the cattle manure, as manifested in a constant methane production (El-Mashad, 2005). Also, it has been said that, such a stable operation can be achieved after imposing short-term downward temperature changes to the system (El-Mashad, 2005)
Bio-Gas Production
The hydraulic retention time for the thermophilic digestion is about 15 days. For 35m 3 of digester, 700 kg of substrate and 855 liters of water is required daily to produce gas of 28 cubic meters per day. The result has been summarized below.
Heat Exchanger for Bio-Digester Under Thermophilc Range
Dimension of Bio-Gas Plant
The Figure 1 shows the dimension of Bio Gas plant that has the digester diameter of 4450 millimeters. The total height of the digester is about 2840 millimeters. The height of digester excluding the height of dome is about 1500 millimeters. And the thickness of concrete is about 150 mm. 
Daily Influent Heating
The influent (manure) is mixed with the water before sending it to the digester. The water required to mix the different mass of substrate has been calculated. The method for mixing is according to targeting the total solid of waste to be 9%. For e.g. 700 kg of manure require 855 liters of water to dilute and maintain its total solid to be 9%.
The F shows the linear relationship between substrate production and water requirement. Since there is no certainty on the production of substrate, the following graph can be helpful to calculate the water requirement for the different substrateproduction. 
Heating Load Computation
A heat exchanger is used for heating the cold water and influent mixture before that is sent to the digester. Before selecting heat exchanger heating loads needs to be calculated.
The above result is useful to know the heating requirements for different ambient temperatures. Design of heat exchangers is considered at extreme condition, so that heat exchanger can operate at the most extreme condition.
The graph shows that, the total heating load for the mass of influent of 1555 kilograms at initial temperature of 5 degree Celsius to final temperature of 52 degree is about 260 mega joules. Similarly, the heating load for the mass of 444 kilograms of influent at initial temperature of 35 degree Celsius to final temperature of 52 degree Celsius is about 27 mega joules.
Heat Exchanger
Before mixing the influent at the digester, a heat exchanger has been successfully designed that is capable to maintain the temperature of influent to 52 degree Celsius at the outlet which was initially at 5 degree Celsius in inlet. The design was completed on the extreme ambient condition.
Since, the heating temperature at the outlet of influent is about 52 degree Celsius and the temperature of the heating water is at about 60 degree Celsius, the shell and tube can be the best alternative. For heating the digester, some researchers have also used counter flow type of heat exchangers. The design procedure and calculation for the heat exchanger has been completed under the standard procedure of heat transfer during forced convection. The ambient temperature of sludge is never certain. The design condition has been considered for the extreme case of ambient temperature i.e. 5 degree Celsius. In the case of fluctuations of temperature of influent manure, the time for heating fluctuates along with mass flow rate requirement. The flow requirement for hot water is about 0.7 kilograms for second and for influent manure to be 0.08 kilograms per second. When the ambient temperature of manure is about 5 degree Celsius, the total time required for heating the mass of 1555 kilograms of influent manure and its mass flow rate is about 5 hours and 0.09 kilograms per second. Similarly, when the ambient temperature of increases, the time for heating decreases consequently accommodation is required for the mass flow rate i.e. mass flow rate must be increased accordingly.
Insulation
Heat Loss before Insulation
In the digester the heat loss occurs due to the conduction of heat from higher temperature to lower temperature. To design the effective heating system, it is very necessary to take account on these heat losses.
There are three surfaces from which heat is transferred to the surroundings i.e. wall, roof and floor. The heat loss from these surfaces must be considered before designing the heat exchanger for digester.
Structure
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The heat loss from surface of the bio gas digester is calculated to be 20.075 KW. It is necessary to design the insulating system to prevent this heat loss.
Heat Loss after Insulation
Heat loss due to conduction is very high. Thus, insulating material is used to prevent the heat loss.
Considering the insulating material is glass wool of thermal conductivity 0.04W/m 2 K of 6 cm thickness.
$ $ :
Hence, there is significant improvement on the total heat loss from the conducting surfaces after using the glass wool as an insulating material which has thickness 6 cm.
Heat Requirement for Digester
The heating of digester for maintaining the operating temperature of the digester is a very difficult process. Even drop in temperature for very short time can halt the overall process. The heating range is about 53-58 degree Celsius.
One of the biggest challenges is to maintain the operating temperature for heating with small temperature difference at the hot fluid side at heat exchanger. This is because, the thermophile bacteria is very sensitive towards temperature. It will be inactive, if the temperature of sludge goes beyond 60 degree Celsius.
Since, there is no opportunity to work on high temperature the effective solution for the problem could be using more than one heat exchanger continuously adding the heat to the influent manure, so that its temperature remains within operating range. ,
The above table shows the total heat requirement for maintaining the heat of the digester at different starting temperatures. To heat the digester initially at 30 degree Celsius to 56 degree Celsius, a total of 2276 mega joule of heat is required. Similarly, to heat digester from 50 degree Celsius to 56 degree Celsius, a total heat of 614 MJ is required to maintain the operating temperature.
Heat Exchanger for digester
The heat loss from the digester is due to the conduction between the walls of digester with the outer surroundings. The digester will be at operating temperature most of the time. If we consider designing the heat exchanger for heating the influent initially at 30 degrees, overall cost of heating equipment increases while there won!t be much more contribution of the heating equipment that would be useful in maintaining the operating temperature.
At the normal operating condition the temperature of digester is never 30 degree Celsius. But it can Heat Exchanger for Bio-Digester Under Thermophilc Range drop its temperature if the heating operation discontinues for long time or it•s the case of initial starting. So, the selection has been done on the basis of optimum utilization of resources along with the consideration of time in the time of necessity to maintain the overall heat.
If it•s designed to heat the digester at 50 degree Celsius to 56 degrees Celsius with in five hours, then same system can maintain the digester temperature initially at 30 degree to 56 degrees within 16 hours of heating operation.
A heat exchanger for the following dimensions has been designed to maintain the overall heat of the digester to 56 degree Celsius. When the inlet temperature of the hot water at tube is at 60 degrees and outlet temperature of the water to be 59 degree Celsius, the heat exchanger is capable to maintain the temperature of the slurry entering the heat exchanger•s shell at the temperature of 50 degree Celsius to 56 degree. The total mass of heat exchanger could be circulated within 5 hours. The total number of five heat exchanger has been used for maintain the overall digester temperature.
Some other specifications of the heat exchanger have been listed on the table. 
Conclusions
Theoretically, heat exchangers have been designed for thermophilic temperature following the standard procedure and heat transfer equations. There are altogether six shell and tube heat exchangers to heat the influent manure. Among them, one is for pre heating of influent manure, to prevent sudden drop in the temperature of the digester when manure is poured at digester. The five other heat exchanger heat the influent from the digester, for maintaining the temperature to 60 degree Five heat exchangers can work independently, at a mass flow rate of 0.32 kg/s each at shell side, to heat the influent initially at 50 degree Celsius to 56 degree Celsius. The hot water at the tube side of the heat exchanger has the mass flow rate of 1.62 kg/s, with inlet temperature of 60 degree Celsius. Similarly, for the preheating of influent manure, a mass flow rate of 0.09kg/s at the shell side, to heat the influent initially at 5 degrees to 52 degree Celsius. The hot water at the tube side of this exchanger has the flow rate of 0.7 kg/s with inlet temperature of 60 degrees.
The hot water (60 degree) flowing at the tube side of the heat exchanger has the high temperature & high flow rate while the manure (50 degree) entering at the shell side has the low temperature & low flow rate. The heat lost from the hot water is gained by manure at the heat exchanger to maintain the temperature to 56 degree Celsius Insulating material, glass wool which has low thermal conductivity of 0.04W/m 2 K with thickness 6cm has been used for digester. After insulation, there is significant reduction in loss of heat from digester i.e. from 20 kilowatts to 1.34 kilowatts. The bio gas production from the plant is about 28 cubic meters per day and the mass of manure required for the production is about 700 kilograms.
Recommendations
Based on the research, following recommendations has been drawn.
• To further continue this research work, it is recommended to work on control and automated system. • The results are on the basis of theoretical references and it is better recommended to develop the prototype or perform flow simulation to further validate the result.
• For thermophilic range, the digestion process is highly dependent on temperature. So, it is better not to use solar heating.
